SUMMARY: Presence of chloramphenicol in the growth medium for mycelia of Aspergillus oryzae was without effect on the oxidative activity, respiratory control, or P/O ratio of isolated mitochondria. The mitochondria oxidized Krebs cycle intermediates even in the presence of cyanide at the concentration markedly inhibiting the normal mitochondrial oxidation. However, the P/O ratio during the mitochondrial oxidation decreased by about 1.0 on addition of cyanide. The c-type cytochromes, shown to occur in larger amounts than in normal mitochondria (Wakiyama and Ogura, 1972) , were suggested to act as electron carriers in this cyanide-resistant oxidation. A novel pigment, demonstrated only in the mitochondria prepared from chloramphenicol-treated mycelia by a CO-difference spectrum, was presumed to be the terminal oxidase of the respiration in the presence of cyanide.
INTRODUCTION
We reported earlier (Wakiyama and Ogura, 1972 ) the cytochrome components of mitochondria isolated from mycelia of A. oryzae cultivated in the presence (2 mg/ml) and the absence of chloramphenicol (designated here as chloramphenicol-and normal mitochondria, respectively). The major difference between these two preparations was that the former contained smaller amounts of a-and b-type cytochromes and a larger amount of c-type cytochrome than the latter.
Results of further investigations on respiration and oxidation-coupled phosphorylation will be presented herein. A distinguished feature of oxidation of Krebs cycle intermediates by chloramphenicol-mitochondria was its insensitivity to cyanide and antimycin A. Evidences were obtained to show that a new pigment was present at the O2 terminus of the cytochrome system of chloramphenicol-mitochondria and that the transfer of electron from this pigment to molecular oxygen was not blocked by cyanide.
MATERIALS AND METHODS
Cultivation of A. oryzae and preparation of mitochondria from its mycelia were described in preceding communications (Wakiyama and Ogura, 1972; Kawakita, 1970 serum albumin, 10 mlvt KCl, 2 mi MgCl2, 4 mM potassium phosphate buffer (pH 6.4), mitochondria and substrate. Reaction was terminated by mixing 1 ml of the reaction medium with 4 ml of 6% perchloric acid after confirming the consumption of molecular oxygen dissolved in the medium to an undetectable level. Disappearance of inorganic phosphate was determined by the method described by Lindberg and Ernster (1954) . Spectrophotometry: Difference absorption spectra of mitochondrial suspensions were measured with a Shimazu MPS-50 spectrophotometer.
Change in absorbance of some respiratory pigments was measured by an Amino-Chance dual wave-length spectrophotometer.
RESULTS
Oxidative Phosphorylation by Normal and Chloramphenicol-mitochondria Figure 1 shows typical polarographic records of oxygen uptake by normal and chloramphenicol-mitochondria in states 3 and 4 with a-ketoglutarate as substrate (Chance and Williams, 1955) . Depletion of added ADP was distinguished by a decreased rate of substrate oxidation by either preparation of mitochondria.
In Table I , rates of oxygen uptake in state 3, respiratory controls, and P/O ratios for oxidations of various substrates are listed. The cultivation of mycelia with chloramphenicol resulted in no alteration of these values, except that citrate gave rise to a larger oxygen uptake and P/O ratio in chloramphenicol-mitochondria.
Effects o f Antimycin A and Cyanide on Mitochondrial Respiration
As shown in Fig. 2 , the oxidation of succinate by chloramphenicol-mitochondria was more resistant to antimycin A than that by normal mitochondria. As expected, no inhibitory activity was seen in oxidation of ascorbate in combination with tetramethyl-p-phenylenediamine (TMPD) as an electron carrier. Figure 3 summarizes results of similar experiments testing for the effect of cyanide. The oxidation of succinate by chloramphenicol-mitochondria was found completely insensitive to 1 mM cyanide, while the oxidation by normal Mitochondria and their concentrations were as follows: Curve A; normal, 5.75 mg protein/ml, Curve; chloramphenicol, 13.2 mg protein/ml, Curve C; chloramphenicol, 8.7 mg protein/ml.
Mitochondria in the reaction medium were first reduced by addition of dithionite, then treated with CO gas by gentle bubbling. The sample cuvette (curve C) received 3 mlvr cyanide. Refer text for other experimental conditions. 
DISCUSSION
The present data indicated that there were also three phosphorylation sites in the electron transport pathway of chloramphenicol-mitochondria (Fig. 1 , Table  I ) between endogenous NADH and molecular oxygen, as reported by Kawakita (1970) with normal mitochondria of A. oryzae. The prominent feature of chloramphenicol-mitochondria, as revealed in this communication, was its insensitivity to cyanide (Fig. 3) and the increased resistance to antimycin A (Fig. 2) during the oxidation of Krebs cycle intermediates. However, cyanide decreased the P/O ratio for these substrates by about 1.0 (Table II) , suggesting that the inhibitor blocked one of the three phosphorylation sites leaving the other two operative. It seemed most likely that it was the site 3 that was blocked, due to the formation of a complex between cyanide and the cytochrome oxidase.
An occurrence of a new CO-binding pigment, exhibiting a peak at 418 mp in the CO-difference spectrum (Fig. 6) , was demonstrated in chloramphenicolmitochondria in addition to the normal cytochrome oxidase. Studies on oxidative phosphorylation (Table II) suggested that the electron transfer from this CO-binding pigment to molecular oxygen was not coupled by phosphorylation. This is in agreement with the observation that the pigment seems not to be involved in the system of oxidizing ascorbate plus TMPD (Fig. 2) .
These observations, together with an additional finding that about 30% of c-type cytochromes (presumably C1) were still in oxidized state in the presence of cyanide, led us to a schematic diagram of the electron pathway in chloramphenicol-mitochondria as shown in Fig. 7 .
It seems to be of importance that this pigment is characterized by the lack of complex-formation with cyanide and by the absence in normal mitochondria, indicating that it is adaptively emerges in mycelia of A. oryzae during the cultivation with the antibiotic. This finding is reminiscent of the report of Kawakita (1971) who showed an acquisition of resistance to cyanide and antimycin A by the cytochrome system of this organism cultivated in the presence of antimycin A. Similar photometric analysises, as applied in this communication, may be required for the cyanide-insensitive respiration of mitochondria isolated from the organism cultivated in the presence of antimycin A.
Although biological significance, molecular nature and function of this CObinding pigment awaited further elucidation, this pigment appeared to be responsible for the cyanide-insensitive respiration of Krebs cycle intermediates.
